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Abstract
The outer membrane of Gram-negative bacteria such as Salm
to the cytoplasmic membrane. If the outer membrane permea
sensitivity. In this study, temperature stresses (heating, chillin
chloride (CPC)-nisin treatment were used to alter the outer m
function and reduced resistance to nisin. The morphologica
microscopy. Temperature and pH-stressed S. typhimurium
morphology, including apparent indentations and craters in th
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a, act as a permeability barrier, preventing nisin gaining access
is reduced, however, Gram-negative bacteria can show nisin
d freezing), pH stress (pH 4.5, 5.0, 6.0) and cetylpyridinium
rane permeability of Salmonella, producing a loss of barrier
nges in Salmonella were examined using scanning electron
untreated and treated with CPC-nisin had perturbed cell
surfaces and collapsed amorphous bodies.
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tion of the proton motive force. The consequence is the
efﬂux of low-molecular-weight solutes, such as amino
acids and K+ which are involved in the maintenance of
the cells; turgor pressure, enzyme activation, and
regulation intracellular pH homeostasis, together with
depletion of intracellular ATP (Moll, Roberts, Konings,
& Driessen, 1996; Montville, Chung, Chikindas, &
Chen, 1999). In some bacteria, this interference of nisin
with lipid II (C55 bactoprenol pyrophosphate—a carrier
involved in cell wall biosynthesis) in the membrane has
been proved to be the cause of death due to loss of cell
integrity (Brotz et al., 1998; Chung & Hancock, 2000).
In general, the protective outer membrane, surround-
ing the cytoplasmic membrane and peptidoglycan layer
of Gram-negative cells cannot be damaged by nisin. The
inner and outer membranes are composed of glycer-
ophospholipids and lipopolysaccharides, respectively.
Lipopolysaccharides, which are composed of a lipid part
and heteropolysaccharide, partly show an anionic
characteristic which is an essential property of the
ublished by Elsevier Ltd. All rights reserved.
